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Abstract 
This study presents synthesis of novel block copolymers of thienyl end capped polydimethylsiloxane and polypyrrole via 
chemical oxidative polymerization by iron (III) chloride. Mono hydroxy terminated poly (dimethylsiloxane) (MH.PDMS) was 
reacted with 2-thiophenecarbonyl chloride (ThCCl) in order to synthesize a polymer containing thienyl end-group (PDMS-ThC). 
Then copolymers of PDMS-ThC and pyrrole were synthesized by chemical oxidative polymerization using iron (III) chloride as 
an oxidant. The synthesized block copolymers (PDMS-ThC -b-PPy) were characterized by spectroscopic analysis and the 
electrical conductivities were investigated with 4-point probe technique. The obtained samples were also characterized 
morphologically by Scanning Electron Microscope (SEM). 
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1. Introduction 
High polymeric system obtained in a conducting form would combine the interesting electrical property of 
polymeric compounds with useful range of mechanical properties and thermal properties and good corrosion 
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resistance. In general polymers have very poor electrical conductivity. A number of polymers are electrically 
conductive or can made to be conductive by doping with an electron donor or acceptor. (Srilalitha, Jayaveera, 
Madhvendhra, 2013)  
 
Polypyrrole (PPy) is one of the most studied conducting polymers because of its good electrical conductivity, 
environmental stability and relative ease of synthesis. PPy can be prepared by electrochemical (Diaz, Kanazawa,   
Gardini, 1979; Diaz, Bargon, in: Skotheim (Ed.), 1986; Ouyang, Li, 1997) or chemical (Myers, 1986; Armes, 1987) 
oxidation of pyrrole in various organic solvents and in aqueous media. However, PPy is a hard, brittle, and non-
processable solid that is insoluble in common solvents. (Kizilcan, Ustamehmetoglu, Oz, Akar, 2003) Because it has 
the strong intermolecular and intramolecular interactions and crosslinkings of PPy chains. (Chandrasekhar, 1999) 
Therefore, to overcome the insolubility problem of PPy, many researchers have studied in different ways. In one 
way, polymers introduced to the reaction media by the interaction of opposite charges of two macromolecules 
(Kizilcan, Ustamehmetoglu, Oz, Akar, 2003; Kabanov, Zezin, Mustafaev, Kasaikin, 1980) or by matrix 
polymerization. (Sarac¸ Ustamehmetoglu,  Musatfaev,  Erbil, Uzelli 1995; Angelopoulus, 1994; Ustamehmetoglu, 
KÕzÕlcan, Saraç, Akar, 2001) However, these polymers belong to the class of neutral polymers that only exhibit 
physical adsorption of PPy, which is in the colloidal form.(Ustamehmetoglu, Mustafaev, Sarac¸1998) The 
polymerization products have low conductivities (10-6 S/cm) because of the very low conductivity of the matrix 
polymer [for poly(acrylic acid), 10-8 S/cm]. (Kizilcan, Ustamehmetoglu, Oz, Akar, 2003; Omastova, Trchova, 
Kovarova, Stejskalc, 2003) 
 
   Another way to overcome the solubility problem of PPy to obtain copolymer of polypyrrole by chemical oxidative 
polymerization. In a redox polymerization of pyrrole monomer many oxidants have been used, ferricchloride 
(Myers, 1986; Armes, 1987; Thieblemont, Brun, Marty, Planche, Calo, 1995; Nishino, Fujimoto, Ando, Ono, 
Murayama, 1996) ferric perchlorate C. Cassignol, P. Olivier, A. Ricard, J. Appl. Polym. Sci. 70 (1998) 1557. 
ammonium peroxydisulfate (Cassignol, Olivier, Ricard, 1998; Oh, Jang, MacDiarmid, 2002), K2S208 (Bocchi, 
Chierici and Gardini, 1970),  H202  (Myers,1986), iron(III)  and cerium (iv)  salts (Machida, Miyata  and 
Techagumpuch, 1989; Walker, Warren  and Witucki, 1988; Rapi, Bocchi  and Gardini, 1988; Kizilcan, 
Ustamehmetoglu, Oz, Akar, 2003; Ozturk and Cakmak, 2007) or  halogens (KÕzÕlcan and Ustamehmeto÷lu, 2005; 
Castillo-Ortega, Inoue and Inoue, 1989; Kang, Neoh  and Ti, 1986; Kang, Neoh, Tan  and Ong, 1988) and others. 
The preparation conditions and various additives introduced into reaction mixture inÀuence the properties of ¿nal 
conducting polymer (Kang, Geckeler, 2000; Wang, Li, Yang, React, 2001). The  highest  conductivity  (220  S/  cm)  
for  polypyrrole  (PPy)  prepared  by  chemical  oxidative  polymerization was  measured  by  Machida  et  al. 
(Machida, Miyata  and Techagumpuch, 1989) using  methanol  as  solvent  and  FeCl3 as  oxidant (Stanke, 
Hallensleben, Toppare, 1995). 
   
Polysiloxanes have high flexibility and hydrophobicity, high thermal and chemical resistance, good resistance 
against radiation and solubility in nonpolar and/or low polarity solvents are some of their main properties. The most 
widely used member of this class is polydimethylsiloxanes. To prepare polymeric materials that have good 
properties, polysiloxanes having reactive group substituted at the silicon atom (organofunctional substituents) were 
used as starting compounds. The flexible siloxane part  may also improve the physical properties of conducting 
polymers. (Gunaydin, Toppare, Yagci, Harabagiu, Pintela, Simionescu, 2002) 
 
Ethoxylated nonyl phenols (ENPs) and ferric (III) cloride redox systems have been used for the copolymerization of 
pyrrole. In that case ENP acted as an organic reducing agent in the presence of Fe (III) salt and a radical was 
formed. The polymers obtained with that redox system contained Thienyl end capped ENP chain ends because the 
radicals are formed on the reducing molecules. Similar copolymer synthesis have been reported using diamine poly 
(dimethylsiloxane) (Öz and Akar, YÕlmaz, 2001; Ülkü, Güvel, Köken, KÕzÕlcan, 2015) instead of its nonyl phenol 
terminated derivative, ENP. Copolymers of diamine poly (dimethylsiloxane) and conducting polymers synthesized 
by cerric ions were produced in two steps. Firstly, cerric ions oxidized diamine poly (dimethylsiloxane) and pyrrole 
chains then copolymerization with monomers was carried out. (Öz and Akar, YÕlmaz, 2001) 
 
In this work, mono hydroxy terminated poly (dimethylsiloxane) (MH.PDMS) was reacted with 2-
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thiophenecarbonyl chloride in order to synthesize a polymer part containing thienyl end-group (PDMS-ThC). Then 
copolymers of PDMS-ThC and pyrrole were synthesized by chemical oxidative polymerization using iron (III) 
chloride as an oxidant. PDMS-ThC served both as a polymer part for pyrrole. The synthesized block copolymers 
(ENP-ThC-b-PPy) were characterized by spectroscopic analysis and the electrical conductivities were investigated 
with 4-point probe technique. 
2. Methodology 
2.1. Materials 
Pyrrole(Py), Hydrochloric Acid (HCl), Sodium Bicarbonate (NaHCO3), Dichloromethane (DCM), Pyridine, Iron 
(III) Chloride (FeCl3) , methanol, tetrahydrofuran (THF) were all reagent-grade chemicals of the highest purity, so 
they were used without further purification. 
Mono hydroxy poly (dimethylsiloxane) (MH.PDMS) was product of Sigma Aldrich chemical company and its 
molecular weight is 4670 g/mol. 
2-Thiophenecarbonyl chloride (ThCCl) was product of Sigma Aldrich with a molecular weight of 146.59 g/mol. 
2.2. Analysis 
Infrared spectra were recorded on an FTS-6000 Excalibur FTIR, using Varian Resolutions Pro as software. 1H-
NMR measurements were performed on Varian Mercury 400 spectrometer at room temperature, using CDCl3 as 
deuterated solvent.  
2.3. Conductivity Measurements 
Electrical conductivities (V) of polymers were determined by four point probe technique using Keithley 2400 
model multimeter, Lucas Labs 302 model probe holder and SP4-180-TFS type probe. Thin pellets with typical 
sample diameter of 13 mm were prepared by compaction of the polymer powders under 10 tons of pressure.   
 
                        (1) 
 
where V is the potential (Volt) , I is current (Amper) and dn is the thickness of the samples (cm) . 
2.4. Synthesis of Poly (dimethylsiloxane)-Thiophene Carbonyl Compound (PDMS-ThC) 
In this work, Mono hydroxy poly (dimethylsiloxane) (MH.PDMS) was reacted with 2-thiophenecarbonyl chloride 
(Fig. 1) in order to synthesize a polymer part containing thienyl end-group (ENP-ThC). 
 
For this purpose, firstly 4 g MH.PDMS (0.0008 mol) was dissolved in 35 ml tetrahydrofuran to form a 
homogenous mixture. Then, Pyridine (0.2 ml, 2.25x10-3 mol) was added in order to eliminate chloride part, which 
comes from 2-thiophenecarbonyl chloride. During calculations, the mol ratio of ThCCl to PDMS was accepted as 
2.2 (nThCCl/nPDMS=2.2) and the molar ratio of pyridine to ThCCl was accepted as 1,2 (nPyridine/nThCCL=1,2). So, 0.2 ml 
ThCCl dissolved in 5 ml THF was added to reaction mixture by a dropping funnel, about 30 minutes. Since ThCCl 
and PDMS were reacted violently, the temperature of reaction medium was kept at 0 o C with ice. The reaction was 
ended after 24 hours.  
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Fig.1: Formation of PDMS-ThC. 
   
 
After reaction, hot DCM was added in order to eliminate pyridium chloride for purification. Then, reaction 
mixture was extracted by 5 % HCl solution and 10 % NaHCO3 solution, respectively. In order to recrystallize, the 
extracted solution was washed with hot methanol. Finally, the product was dried at 60 o C in vacuum oven. The 
resultant polymer was in white color.   
 
2.5. Synthesis of Poly (dimethylsiloxane)-Thiophene Carbonyl Compound (PDMS-ThC) 
    Copolymers of PDMS-ThC and pyrrole were synthesized by chemical oxidative polymerization using iron (III) 
chloride as an oxidant (Fig. 2). PDMS-ThC served as a polymer part for pyrrole. 
    First, PDMS-ThC polymer (0.411 g, 0.000086 mol) was dissolved in 20 ml THF. Then, 0.3 ml pyrrole monomer 
(0.0043 mole) was added to the reaction mixture. For calculations, the mol ratio of pyrrole to PDMS-ThC was 
selected as 50 (nPy/nPDMS-ThC =50) and the mol ratio of iron (III) chloride to pyrrole was selected as 2.4 
(nFeCl3/nPy=2.4). Next step was adding the 1.674 g iron (III) chloride solution dissolved in 15 ml THF to reaction 
mixture, via a dropping funnel, about 10 minutes. The reaction took place at 25 o C and lasted about 24 hours.        
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Fig.2: Synthesis of PDMS-ThC-b-PPy 
 
At the end of the reaction, black powders were observed. The product was filtered with filter paper and washed 
with THF. The resultant THF respectively polymer was dried at 45 o C in vacuum oven. 
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3. Results and Discussions 
3.1. Spectroscopic Study 
    FTIR spectras of the mono hydroxy poly (dimethylsiloxane), thienyl end capped poly (dimethylsiloxane), filtered 
and remaining parts of PDMS-ThC-b-PPy copolymer are shown in Fig 3,4,5,6. The peaks about 2900 cm-1 in  
filtered part of copolymer spectra was due to aliphatic parts of material and proves that copolymerization reaction is 
completed and all copolymer is solved in THF .  
 
 
 
   
                       Fig. 3.FTIR results of MH.PDMS                                                        Fig. 4.FTIR results of PDMS-ThC.                  
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Fig 5:.FTIR results of filtered part of PDMS-ThC-b-PPy                    Fig. 6.FTIR results of remaining part of PDMS-ThC-b-PPy 
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The SEM pictures of blank PPy is shown in Fig 7 and thienyl end-capped poly (dimethylsiloxane) (PDMS-ThC) 
is shown in Fig 8. Particles of PDMS-ThC-b-PPy copolymer are smaller than blank PPy particles.  
 
 
                        Fig. 7.SEM results of blank PPy                                  Fig. 8.SEM results of PDMS-ThC-b-PPy copolymer 
 
 
4. Conclusion 
Since polypyrrole (PPy) homopolymers have some difficulties in the applications, soluble and conductive 
copolymers of PPy may overcome this difficulties and open new application areas. For this purpose, Thienyl End-
Capped Poly (dimethylsiloxane) proposed a way to change the PPy's properties, by means of Iron (III) chloride 
(FeCl3) , as an oxidizing agent. Thienyl group provided the oxidation of PDMS and also acted as a bridge between 
PDMS and PPy parts. As well as thienyl group increased the chemical oxidation potential of PDMS. 
Copolymer of PDMS-ThC-b-PPy dissolved in tetrahydrofuran solvent and FTIR spectrums peaks shows that the 
dissolved compound in THF is copolymer of PDMS-ThC-b-PPy. 
SEM pictures also shows that particles of copolymer are smaller than blank PPy particles.  
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